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Nose
The skin that covers the external surface of the nose extends for a short distance into the 
vestibule of the nasal cavity, where stiff hairs and their associated sebaceous glands aid in 
filtering the inspired air. More posteriorly, the vestibule is lined by nonkeratinized stratified 
squamous epithelium. Throughout most of the remainder of the nasal cavity, the respiratory 
passage is lined by ciliated pseudostratified columnar epithelium that contains goblet cells, but 
a specialized olfactory epithelium is present in the roof of the nasal cavities.
A layer of connective tissue, the lamina propria, underlies the epithelium and is separated from 
it by a basement membrane. Contained within the lamina propria are mucous glands, serous 
glands, and thin-walled venous sinuses. The venous sinuses warm incoming air and are 
especially  prominent in the lamina propria that covers the middle and inferior conchae. 
Lymphatic tissue is present and becomes prominent near the nasopharynx. The deep layers of 
the lamina propria fuse with the periosteum or perichondrium of the nasal bones and 
cartilages, and at these sites, the nasal mucosa forms a mucoperiosteum or 
mucoperichondrium, respectively.
The surface of the epithelial lining is bathed by a thin film of mucus that constantly is moved 
toward the pharynx by the action of the ciliated epithelial cells. The mucus is derived from 
surface goblet cells and secretions from mucoserous glands in the lamina propria. The layer of 
mucus helps to moisten the air and trap  particulate matter. The mucous layer contains IgA and 
other immunoglobulins that protect against local infection. IgA is produced by plasma cells 
within the lamina propria and is taken up  by  secretory  cells of adjacent glands. The IgA is then 
coupled to the secretory component of these cells, transported, and secreted onto the surface 
of the nasal mucosa. The same type of mucosa extends into the paranasal sinuses, but here 
the epithelium is thinner, there are fewer goblet cells, the lamina propria is thinner and contains 
fewer glands, and venous sinuses are absent. The paranasal sinuses (maxillary, sphenoid, 
frontal, ethmoid) lie within bones of the same name surrounding the nasal cavity and are 
continuous with it through small openings. Although cilia of the lining epithelium within the 
paranasal sinuses generally  beat toward the nasal cavity, the ciliated epithelial cells are 
coordinated in such a way that the pathway ciliary motion follows is a large, open spiral, the 
pitch of which narrows at the opening to the nasal cavity.
 
Olfactory Epithelium
 
Olfactory epithelium occurs in the roof of the nasal cavities, where it extends over the superior 
conchae and for a short distance on either side of the nasal septum. It also is a 
pseudostratified columnar epithelium, but it lacks goblet cells and is much thicker than the 
respiratory  lining epithelium. Three primary cell types are present: supporting cells, basal cells, 
and sensory or olfactory  cells. Supporting (sustentacular) cells are tall with narrow bases and 
broad apical surfaces that bear long, slender microvilli. An oval nucleus is located just above 
the center of the cell. Apically, well-developed junctional complexes join the supporting cells to 
adjacent olfactory cells.
Olfactory cells are the sensory component and are bipolar nerve cells evenly distributed 
among the supporting cells. They are spindle-shaped with rounded nuclei located centrally in 
an expanded area of cytoplasm. Apically, the cell tapers to a single slender process (a 
modified dendrite) that extends between the supporting cells to reach to the surface, where it 
expands into a bulb  like olfactory vesicle (knob). Six to eight long olfactory hairs extend from 
the olfactory vesicle and pass parallel to the surface of the epithelium, embedded in a film of 
fluid. The olfactory  hairs are modified, nonmotile cilia that act as the excitable component of 
these cells. For a short distance from their origins, the olfactory hairs have a typical ciliary 
structure but then narrow abruptly, and the microtubules decrease in number and change from 
doublets to singlets. Basally, the olfactory cells narrow to a thin process, an axon that passes 
into the lamina propria, where, with similar fibers, it forms small nerve bundles. These collect 
as the fila olfactoria that pass directly to the olfactory bulb. There are about 50 million olfactory 
receptor neurons in the nasal cavity. Odorants (airborne substances which stimulate olfactory 
sensory neurons) bind with a nasal-specific protein called olfactory binding protein which aids 
in binding the odorant molecules to receptors located in the plasmalemma of olfactory cilia. 
Odorant receptors are G-protein coupled seven transmembrane molecules that are capable of 
detecting and discriminating among thousands of specific molecules.
Basal cells are short, pyramidal cells crowded between the bases of sustentacular and 
olfactory cells. They are undifferentiated cells that give rise to either of the other two types of 
cells.
The olfactory cells are unique among neurons in that they are in direct contact with the 
external environment and, unlike other neurons, constantly  are replaced every 30 to 60 days. 
New olfactory cells arise from differentiation of the basal cells. Between the luminal surface 
and the basal cells lie variable numbers of progressively more differentiated receptor neurons, 
accounting in part for the thickness of the olfactory epithelium. Rich plexuses of blood vessels 
and branched, tubuloacinar serous glands are present in the lamina propria. The glands are 
the olfactory  glands (of Bowman), whose watery secretions flush the surface of the olfactory 
epithelium to prevent continuous stimulation by a single odor and also serve as a solvent for 
odorant materials.  In contrast to reports in the early literature, vomeronasal organs (VNO) do 
exist in the nasal cavities of most adult humans. In humans, the VNO consist of two small sacs 
about 2 mm deep that open into shallow depressions on either side of the nasal septum. The 
epithelium lining these sacs appears similar to olfactory epithelium and contains supporting 
cells and cells that resemble olfactory receptor bipolar neurons. These bipolar neurons bind to 
antibodies against neuron-specific enolase and protein gene product 9.5, as do most neurons. 
The neuronal connection of these cells to the brain is unknown in humans. Likewise, the 
function of the vomeronasal organ in humans is unknown. In other mammals that have been 
studied in detail, the VNO has neural connections to an accessory  olfactory bulb, which, in 
turn, is linked to the limbic system of the brain. In these mammals, the VNO functions in the 
detection of pheromones that mediate sexual and territorial behaviors.
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